Abstract
Introduction

24
The stratum corneum (SC) is the main barrier to drug delivery through skin and therefore 25 understanding details of solute transport in SC is an important area of research. The SC is a 26 complex multiphase membrane consisting of layers of corneocytes that are sealed tightly by 27 densely packed lipid layers [1] . Fundamental parameters describing this transport are values 28 of diffusion coefficients in different phases of the heterogeneous SC, that can be used in in-29 silico models of the SC (e.g. [2, 3] , for recent review of such models see [4] ). These values 30 are generally very difficult to obtain in classical skin penetration experiments [5] , as well as 31 in less common skin desorption experiments [6, 7] , due to difficulties in assessing the true 32 path-length of solute transport through the SC [8] . In this work, we deployed the technique of 33 Fluorescence Recovery After Photobleaching (FRAP) [9, 10] allows is capable to realise dimensions of the photo-bleached volume from sub-micron to 37 sub-millimetre in linear dimention. Therefore, this volume can be localised fully within the 38 lipid phase of the SC, allowing determination of the value of local diffusion coefficient. 39 Although FRAP has been used before to assess diffusion coefficients of various fluorescent 40 probes in artificial lipid bilayer systems [11] , to our knowledge, the presented technique for 41 the first time determines the diffusion coefficient of a solute in the SC lipid phase using 42 FRAP. Since the artificial lipid phases can potentially have structure and composition 43 different to those of the lipid phase of SC, we believe that this addition to the experimental 44 toolbox of SC transport studies is a significant development. Furthermore, the proposed 45 technique can be further developed, by appropriate choice of a fluorophore and by a proper 46 selection of site of the photobleaching, to study the transport inside corneocytes and across a 47 corneocyte envelope. This development has a potential to further advance the understanding 48 of relative importance of different pathways [7, 12, 13] on the overall solute transport across 49
SC. 50 51
Methods
52
All experiments were performed using FMT based on Zeiss510 (Zeiss, Germany) system 53 with a water-immersion objective lens (63, N.A. 1.3). Zeiss510 system operated in 54 combination with Mai Tai XF-1 femtosecond pulsed laser with a wavelength tuning range 55 from 710 to 920 nm. The pulse width was evaluated as <100 fs based on the spectral 56 bandwidth measurement at 80-MHz repetition rate, resulting in the high instantaneous peak 57 power (~100 GW/cm 2 ) at the focal spot. A femtosecond laser operated at a centre wavelength 58 of 810 nm with power incident at the sample estimated as 33 or 16.5 mW, (1% or 0.5% of the 59 total laser output energy which was 3310 mW) was employed as the excitation source. To 60 achieve the photobleaching regime, the laser power was increased to 165 mW. A bandpass 61 filter centred at a wavelength of 560 nm (bandwidth, 60 nm) was used to pass the Rh:B 62 fluorescence to a detector. 0) outside
where C 0 is the original concentration of the fluorophore and 0≤α<1 is the degree of 122 photobleaching. The concentration at any time after the photobleaching can be found by 123 solving the diffusion equation (2) with initial condition (1). 124
where D is the diffusion coefficient. The total fluorescence inside the PB V (F(t)) can be found 125 as: 126
where we assumed that fluorescence intensity is proportional to the concentration of the 127 fluorophore. 3D-model is assumed in eq. 3, for 2D-model, the triple integral in eq. 3 and 128 integrals below need to be replaced with double integrals. 129
130
The initial condition for the problem can be simplified by a change of function, so that: 131
so that initial condition for C f is: 132
where U(x) is defined as: 133
and C f satisfies the diffusion equation (2) . The total fluorescence inside PB V can be defined 134 using C f : 135
Taking Fourier transform of the diffusion equation and initial condition then solving yields: 137
where 138
is the Fourier transform of C f , and 139 The total fluorescence intensity recovery data was fitted to mathematical models using 159
Scientist software (MicroMaths Scientific Software). 
